I . DOCOBBIT BKSBHIt ' 

BO 1B3 «0B SI 030 317 

AUTHOR Andersen, Lyle 

TITLE LikeAlhoo.d of Evertta: Vrahabillty. Topical Modufe for 

Use in a Hathetnatica Laboratory Setting. 

INSTITUTION Regional Center for Pre-Coll. Matheiatics, Denver, 

Colo. > , . 

SPONS AGENCY National science- Foundation, Washington, D.C. 

POB DATE 73 - • S 

GRANT NSF'Gll-7720 

NOTE 39p, ; For related ddcuaents, see SE 0 30 3 0U-322 

EDBS PRICE HF0i/PC02 Plus Postage. 

DESCRIPTORS I *Activities: ^learning Laboratqries ; Mathematics 

Curriculuff: *Matb€iatica Inatrudtion; Probab4.1ity j 
"•Probability Theory; Secondary Education: *Secondary 
school Hathenatics: Worksheets 

ABSTRACT ' ^ ] - 

This module introduces the student to a formal study 
of probability- The lessens progress from elementary notions of least 
Jl^ly to more complex considerations of the probability of 
occurrence of one or more possible outcomes. Probability is 
introduced in an empirical sense through experimentation and 
itivestigat ion. In the later experiments, the students are shown how 
mathematical probability differs from empirical probability. The last 
three experiments of the module demand some fairly mature thinking on 
the part of the students. The teacher may prefer ta use a classroom 
setting if these three experiments are u%ed. (Auth^or/MK) 



^ 



« 

J 



Reproductions supplied by.FDl^S are the 'best that^can be made ♦ 
♦ . ^ from the. original document. * « 




U\ Of »*AIITMtNT or Ht Ai TH 
t OUC AT ION 4 VMf I f AUi 

NAT ION Al IN\1 I 1 U T » 
IrDlKAfiON 

>•«'•. ()(i(U\MN» MAS 1)1 I N W| »'H{1 
(ii-i M» I HA, 1j > A', WM I 'VM> » WOV 
■ *^ »N » » 'Wf ,AM I / A 1 »ON OW II, I N 

e y-i.''. . « A » I I ' I 'I » Nil * 1 M 4 I \*, A W n V M I »' W I 
, r,, ■ T . I N » 4 ' A , N A t u 1 A t « N M I ' » » M I H 




iS PFUMISiilON lOIUPMODUCt THIS 
>1An n\A{ MAS U\ { N (iMANU 1) HY 

Mary L-LCViacles 
NSF 



TO THl I t)iJc;ATIC)NAi FU SOUfK.bS 




<f - H: ;s. ..V 



s^k^ Ml.'.'-- 









TBAGHBR'S GUIDE 
LikelihcxS nf evBnta - Probability ) 

This nodule may be ull^in a variety Af ways. 

1. It i?ay be used with a pretest as suggested 
iri the teafcher's guide. 

2. Groups of students, according to their past ' 
performance, may be assigned to various 

/ experiments., 

3» The class may be divided so each group has a 
. group leader who has the ability to help the 
other students. 
A. Teachers may ulse a group-method of their own 
choosing which might be the entire class. 

MATERIALS 
• Contained in this Module: 

1. Plastip bag containlni? <^ red. /i* black are! 
5 yellow chips. (Student Worksheet #1) 

2. Cut-out -spinners < Activity Cards #3 and #4) 

.Teacher must provider " . 

r 

1. Tagboard that is opaque to writing (lijtra. SW) 

2. Thumb tacks or similar markers. (Activity 
Card #2) 

3. ' Scissors for cutting our spinners. (Activity 

Cards #3 and #4) 

•Optional (Teacher provides) 

1. Pair of dice (student Worksheet #5) 

TIME SCHEDULE 

« During field testing, this module took an aver- 

• ' ■ fifty-minute class pe^riods tp complete 

J » ♦ 





OBJECTIVES 



•Given* an event, j^the student will ll^t possible 
out come si 

.Provided with the outcome of the event, the stu- 
dent will .describe it as likely or not likely 
to occur. 

iGiven an event, the student will find the prob- 
ability of various outcomes jsmd will identify . 
outcomes as most likely, least likely, certain 
or in^sslble. 




.The student- will be int;roduced to a rather for- 
mal study of probability. The lessons progress 
from elementary notions of .least Uicely to more 
complex coneideratlons of the probability of 
occurrence 6f one or more possible outcomss. 
Probability is introduced in an eiqjirlcal .sense 
through e^rlmentatlons and investigation. 
In the later esqperiments, the students are shown 
how mathemtical probability differs from 
1^ eBqpirical. probability. 

•The last three experiments of the moduli demand 
some fairly mature -thilnking on the part 6f the 
•students. The teacher may "prefer to use ,a 
classroom setting if these three experiments \\ 
are used. -a ' 
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TESTING PROCEDURE 



I. Pretest 



A. The pretest checks the "behavior entry 

level of/ the students to detemdne if they 
need additional preparation before be- 
gi^pnihj^ work oh this mo(iule. ^, 
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4- -JB^l t t\m a tt i ddnt i s un a uce o sBfuX o n the prc-^ — 

t«8t, then 9(he) should be directed to 
pre-inodttle naterials. . 

II. Pre-MDdule Ex^ieriences 

A, Students whose scores oij the entry level 
test indicate they need additional pre- 
paration will likely profit most from 
the use of concrete materials such as 
dr»d^ .^rbl., fro« . va™ or rolling dl<». 

^^B. It may be helpful to have another student help 
the st\i^ent experiencing difficulty by uti- 
lizing elementary commercial materials. 

,C. If -np pre-mpdule materials are available, 
the student should begin with the intro- 
ductory lesson in this module. 

III. A. The posttest checks to see if the student is 
able to successfully complete the objectives 
established for this module. 

OUTLINE 

I. Introduction Lesson 

A. Teaching Suggestions 
li This lesson requires the students to 

take a poir. This might be done as a 
clas? project, or students can take the 
poll outside of class. This lesson is . 
highly motivaional. Students may need 
some directioo. 

2. if>roblems 3 and may need additional 
explanation. 

B. Materials supplied 

1. Students will need the activity card and 
the introductory worksheet. 5 chips 
(2 cm X 2 cm tabs of cardboard) are 
needisd for problem 4. ' TGt-2 




■ C. Work/ to Be completed by the, student. 

1. Introductory worksheet "which includes 
the taking of a poll. 

Answer keys are provided for each lesson and ex-' 
periment. - lou may prefer to cut them out, place on 
cardboard and landnate. 



Answer Key - Introductory "Lesson - Probability • 

1. Answers will ypxy depending on the. individual \ 

J poll. ^ 

J 2. Answers will vary. The event most likely to 

, happen is the one vrtiich occurs most often in , ' 

I the poll. ' The event least likely to occur is ' 

I J the one which occurred least often in the poll. ! 

• 3. Answers will vary. (Example r if 5 of the 15 , 
' chose A, then the humor index for A would be 

• . 5/15 or 1/3.) ' 
, ^} Answexs will raiy, (SxAiiplei If t«n 3-lett«r 

i * word/i were drawn aiid seven asde sense, then the ' 
I chance of forcing a 3-letter word with Meaning » 
I w6^d be 7A0») . . I 

\II. Experiment #1 • y , . - - - 

A. Teaching suggestions 

1. Students should be encouraged .to do this 
e^qierlment in pairs. Some stiidents may 
not know how to keep track of the draws. 

' You may wish to demonstrate this) experljoent 
to the entire' class befoa^e allowing them 
to work, on it in pairs or individually^ 

2. This is the first introduction to the term 
probability. Allow .the students to discover 
■for themselves, if they can, the definition 
for simple probability. 

B. Materials supplied 

1. The plastic bag which is provided in the mod- 
ule is necessary for the corajiLetion of ihis 
experiment. The envelope contains 1 red, • 
V k black and -5 yellow chips. 
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!• ^•iion gti Aetivitf Cmrd #1*. 
2i Studatkt Worksheet #1. , 
3. HiV« the students jilsca their inawero to 

the questions on the activity card on the t' 
♦ «back of Student Worksheet /WL. (They 
'should be encouraged not to write on the 
• activity card since this module can be 
repackaged.) 

D. Variations to the lesson 

. 1. Provide envelopes containing varipus" 
.nunbers of chips. 

Answer Key - Student Worksheet #1 - Probability 
10 2. 1, 4 and 5 

3. a)^or^ b) ^or| 

«)- I ^ ' c) I or ^ 

» 5. Answers will vary. (Bcamplet If. a black 
chip was drawn on the first draw, then 
prior to this draw the probability was 
4/10^ Now suppose a black chip is drawn 
on the second draw. - Prior to this draw 
the pro^bility fqr a black on the second 
draw was 3/9, etc.) 



4 

.1 
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SHspei'lnint il^S ^ ■ » ' 

A. Teaching suggestions 

1. This activity requires considerable move- 
ment and involvement ,on the part of the 
students. You may prefer having them work- 
in small groups. Students usually enjoy 
conpleting Student Worksheet #2 in smaU 
groups. (Tou may prefer to have them drop 
a cardboard tab rather than a thumb tack.) 

2. The triangle board can be drawn on an <. 
achate sheet and shpwn on the overhead 
and used as a class demonstration. 

r ' 

B. Materials supplied 

1. Students will use Activity Card #2 as a 
game board. They need to be provided with 
a marker such as a thumb tack. 

2. They are providecjl with StudenVWorksheet #2. 

C. Work to be completed by the ^udent' 

" 1., Students will determine by investigatipn 

the empirical probability of the experiment. 

2. Complete Student Worksheet #2. 

Answer Key - Student Worksheet #2 - Probability ' 

1. Answers will vary. Students should co»- ' 
pare res\ilts.^ . I 

2. Answers will Vary. The einpirical prob- ' 
ability of a hit is the ratio of hits I 
to total number of tibials. ' • 

3. Answers will vary, | 

4. Likely it will lower the probability of I 
a hit. j 

: ■. : " s| 

I 
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X* ,^Thi0 exporiMnt providee tdditlonaX 
practice with en|)lrlcal probability. 
The notorial Is hlgjhly rootlvatlomal and 
should raqulre only ndnlmal supervision. 

2.* Some students nay require help with th^ 
number pair concept whieh is introduced. 

.3* It Is imporffcuit that students complete 
the entire worksheet. 

4. You B»ay prefer to use glued toothpicks 
instead of pencils in the tops. • 

Materials supplied 

1. Students will need scissors to cut out 
the pencil tops from Activity Card #3. 

2. Activity Card #3 and Student Worksheet #3 
Vfork to be con^eted by the student 

ft . - " 

1. Students will complete Student Worksheet 

#3: 

2. Students must complete the tables by _ 
.collecting the data from their experi- 
ments. V 




r m»mr Kny^ Siud«nt MarlcslMMt u P^ba . . jiiy 

' ""1. Answers will yary. The sum of the ' 

fractional part of total trials should j 
I. ^ eq6al 1* . ♦ > 



2. Answers wlil vary. .Students should be j 
• encouraged to share answers. , 

3. Answers will vary. The sum should equal | 
' the sum of the number pair for that trial. | 

4. Since this is empirical probability, the I 
answers will vary. Again, encourage stu- 
dents to coBQ>are answers. - i 

5 - . Answers will vary. P(l) « o ' • 

_ _ _ _ j; -0. • \ 

V. Experiment #4 ' 

A. Teaching suggestions 

1. It may prove *hel{)ful to place the maze 
on an acetate sheet and demonstrate on the 
overhead how a "hamster" finds its way 
through the mase prior to allowing the 
students to complete this experiment. 

2. Students nay prafer working together on 
this experiment. ' 

3. Mathematical probability is informally 

f introduced in this lesson. ^You may choose 
to expand on this conce^Jt if students go 
on to experiments 5, 6 and 7. 

4. The difference between empirical prob- 
ab^ity and mathematical probability * ^ 
should be made ^lear to the students. 

B. Materials supplied 

^ 1. Students will need a mafker^ show, 
location on the maze. ' 

2. They will need a scissors' to cut out the 
spinner on Activity Card #4. 

. ^* *^ Activity. %>a:d #4 and Stu- 

▼ _y • , Worksheet #4. (Ji tj^ y ^ 



ligr •ctutl experinent. v 
2, Thoy eonpleta Student Worksheet #4. 

I Anewer Key - Student Workeheet 0U -"ProbebuTty~ I 

I Students should verify their anaiwrs 

by comparing their work with classmates. ' 
If thiir results are not consistent, they i 
' should check their results and decide 

I who is rig|it. * I 

* 5. a) 1 ' b) 1 c) 1 d) 1 - I 





b) 1 
S 






f)' 1 


e) X 
"555 


7^ 






n) 1 

If 




o) 1 

515 



1 J) 1 k) 1 1) 1 . .1 
I . ' 

I n) 1 n) 1 o) 1 I 

I ^ 15 ^ ; • , 

J 6. Sum of fractions equals 1. n | 

VI. Biqwrimeht #5 (Optional) "". " ~ - - 
A. teacher suggestions 

t. This experiment requires fairly abstract 
thinking ofi the part of the .students. ' 
You may prefer to use this lesson as a' 
teacher demonstration" experiment. The 
coin tossing in Problem 2 may need close 

supervision. 

■ ■• • . 

2. Students should be encotaraged to check 
the mathematical probability by usdLng 
en^irlcal methods. 

3. You may prefer to develop the problems 
in Student Worksheet #5\w)it»ically. 



li 
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1. AetlYlty Card #5 aril Student MQ^^kshaet 

2, Coirta aiid dice are needed if the teacher 
> approaches this lesson ampiiH r ally , 

C. Work to be conpleted by the student 

1. Sifcudents win con^jlete stiideiit viorksfie^^ 

2. Problem 2 requires students to make ran- 
dom tosses with three coins, . * 

I" Answer Key - Student Worksheet #5 - Probability j , 

' 1-112 2. 2 1 3. 6 1 i 

\ J ' * . I 



I 
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Vi;i. Bxperljoent #6 (Optional) ' — -J 

A. Teaching suggestions / 

1. Since aathenatioal probability of /iiv. 
dependent events is the topic of this 
experinent, the students are required to 
Gooplete this experiment without plysl- 
cal models. 

2. Students having /difficulty should be en- 
couraged to make tables similar to the ^ 

^ onrfs constructed in Bqjeriment 5. ■ 

3» For those who wish, the examples may be 
solved eB?)l4rically by providing the nec- 
essary models. 

B. Materials supplied * 

1. Activity Card #6 and Student Worksheet #6. 

2. I J an empirical approach is' used, three 
chips, two coins, and a deck of cards 
need to be provided. " , 

i «) '73 U of DML 



1;^ Students wiU conipl>»te Student WoAsheet #6. 



^ 2. 



You may wish to have the etudehti make 



' . tablee to shoH all possible 'everifcs and — 

use these tables to aid in ^olvln^ the 
* problems. V • 

Ansiier Key - Student Vfprksheet #fe - Probability.. | 
■ 1. 1 ' 2. I ^ 1 X 1 1 \ 



m 1 



3. 1 1 1 1 
1? • 2 " 4 » 4 



I 
I 

I 5 



FRir 
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You may wish to use models to show 
all pol*lbilities and then determine 
the probability ftom this data. 



, 270,725 ^\ 

VIII. Experiment #7 (Optional) 
V^A. Teaching suggestions 

, . .1. Since mathematical prob^ibility of 

mutually exclusive events is the topic 
of this experiment, the students are 
required to complete this experiment 
' without physical models, 

2. Students may need close teacher diiv- ' 
ection and explanation when working 
' on this experiments^,- ' 



B. Materials supplied 

1. Activity Gard #7 and' Student Workp. 
9heet #7. 

2., If an empi/ical approach is used, then 
, a padr of dice and a. deck of cards 
will need to be provided. 

, C. Work to be 'completed by the jtudent 

. 1. - Students will complete Sti^dent Worksheet #7. 

2. You may wish to have the students # . 
make^tables to show all possible 

events and use these tables to aid 
in solving the problents. 



Answer Key - Stude^ Worksheet #7 - Probability 
3. 1 1 



1 14 3 1 



4. 1 1 ■ I 



5.* 6 



IX, Bnriohaent CavAs 

A. Teache^ auggeationa ( 

1. If tht.pretatt was used, thoaa atu- 
danta «ho aoorad 909( or hlghar (da* 
pending en taaehar dl«oretlon) aay 
ba given /ui •nriohaaht oaxd to In- 
vaatigata, 

14 
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2. Th«B« 'Mgr be m •xiMialon work 
* for students who hsTe conpleted the 
unit. 

B. AAflWsr Key 

«1« The answer key has been provided at 
~ • the bottom of the enrlchaent card. A 

These may be cut off before the student 
Is given the card. - , ' 

i . N- -. 

» Answer Key - Probability 

I Pretest ' 

I 

I 1. a) 1 b) 2 c) 2 
I 5 . ^ 3 

I 2. a)i b)l * 

I 2 4^ 
I 

' 3. a) 3 ,b) 5 i i . a 

' To lo • 9 • 8 

; 4. a) 3 t>) 1 c) 12 2 

I 



1. a) n6t likely 
3. . 



a) 2 1 


iU 






"H f 


lil 






T T" 


hi 








ii 




Ei 


T 1^ 



b) 1 

4 



b) likely 

"^1 



c) not likely 

d) 1 



Note t Answers may be in 
different order ' 
than shown* ' 



4. a) 2 b) 2 
9 ? 



c) 2 



0) 2 



or 



c) 12 2- 
33°^? 



V 
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IVeteit - Pri»b*blXity 

' ' ' • 

After lunch I Clarence can shoot his bow and arrow, or' wash dishes,/ 
or do his mathematics. If all three possibilities are equally likely, 
find the probability. that Clarence will 

a. shoot hisHx>w and arrow.^ 

b. not wash dishes. 

c. do his mathematics or wash the.dishes.' 
What i^ the prQbability of; 

a. flipping one coin and having it- land "heads up"? 

b. flipping two coins and having both coins land "heads up"? 

A vase contains 10 marbles { three are red, two are green and five are 
blue* Assuming you don *t look, what Is the probability of: 

a. pulling out a red marble on the first-^aw? 

b. pulling out three blue marbles on three draws when not replacing 
them after each draw? 

If you have three pennies, two nickels and one dime in your pocket, 
what is the probability that: 

a. the first coin you pull out is a penny? 

b. A dime will be drawn first? 

c/ if you remcjve two of the coins, their value will }^ II0? 



Activity Card (Introductory) 



Poll-t^lng 



Uai^g the tabla (Fig. 1) on tha introductory workaheat, taka a" poll 
to datarinlna tha "humor-index" of 15 peopla. Do this by showing 
tha cartoon (oha parson at a time) and than recording the captj-on 
(A-E) that they think beet fitetha picture. From the results 
of your poll, comfaete thb introductory worksheet. 




A. Hey Doc, I got this guy attached to my foot. 



B. Gio ahead anfl Jump, 
first one. 



Tpu won't be the 



C. I said I wanted to be paid by check, 
not chick. 

D. This time the humane society went too far. 

E. .With the price of meat, don't knock it. 



"tot 



«5^ 



18 
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ProbabUlty 



■'Mr; 



student Work Sheet 
(Introductpry) 



1. MJae thifl table to recoil the results of your poll.; 




Caption 
Letter 


1 


2 
i 


3 




5 


(> 


7 


d 


9 


10 


11 


12 


13 




15 


Total No. of 
squares darkened 


A 


































B • 


































(5 


















• 


. 


1 k 












D 


































E 








1 














— 













The activity card' shows fiv» (5) possible captions. The captions are 
examples of possible outcomes . Uncertainty of events is often expressed 
* in conversation, such as least likely, most likely o(r certain. 

2. From the results of your poll, vrtiich event is most likely to occur? 

3. The Vhumor index'' might l?e described as the ratio of the number choosing 
that| event or caption to the total number choosing. This may described 
as a fraction or. a decimal. From the results of your poll, determine 

the "humor index" of each caption. AtF. ( Note you can then tell the 
people you polled what their hwr-lndex is.) 



Print the letters of the word'»eagle" on fi^ identical tabs of paper 
that you 4annot see through. Turn each slip face down and thoroughly 
mix the slips. DraW any three of the slips. Try to form, a word/ with 
meaning using the three letters you .picked. Repeat the experimsnt 
several times. Describe the chance of forming a word with meaning. 







is 



rv^Mllty Aetlvlty Qard 01 

: V 

Uh4t Art tht ChMO««? 

r«t«rl«l«i ^viop* A oont«lnln« 1 r»d, ^ bl«ok and 5 y*llow chips. ' y 

Vh«n an outooM It llkaly to ooour» lit pmbabilitv is highi' 
if not liksly, tho probability i% low. 

• ^ ^ f 

Without looking t roach into onvolopo A and tako out a chip, 

Roplao« it» thon draw out anothor Qhi^* Do. this 10 tinss and 

always rsplaos ths ohip bsfors tho nsxt draw. Prom your ox- 

porinonts, do you think ths pcobability of drawing a rsd ohip 

is liksly or unliksly? 

Conqaloto Student Worksheet #1. 
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ProbabUlty 



Student Workshaet # 1 



black? 



yellow? 



J • Ixperiapit I 

1. How Buiy chips are in envelope A? 

2. How m|ny of the ohlpf are red? 

' The probability of an event occurring ia the ratio of the 
ntnber of favoral^le outcomis oonpared to the total number 
of iMeaible outcomes. This ratio is often expressed as 

a fi^liction. \ - ' 

3. Splice 5 of the 10 chips are yellow, the probabdjity of - 
yellow is 5/IO. Wft >^te P (Yellow) - 5/10 - n 

Answer the followli)g. 



a. P (red) = 



b. P (black) - 



4. 




The chance of drawing k triangular sl^ape from 
the bowl is 5/5 or 1. The chance of drawing 
a circular shape is 0/5 or 0. 



The vase contains rectangular, triangular and 
circular chips. Answer the following by 
referring to the vase. « 



a. P( circular shape) - 

b. P( triangular fthape) 

c. P( square shape) -> 



3. Place the 10 chips back in the envelope. Then remove them 
''one at a time without replacing any chips. After each draw, 
det^Mne what the srobabillty was that particular draw 
happening.' Show* youl* results below. 



•P (let draw) ■ 
P (2nd draw) « 
P (3rd draw) - 
P (4th draw) « 
P (5th draw) » 



P (6th draw) 
P (7th draw) « 
P (dth draw) > 
P (9th draw) • 
P^lOth draw) 



Actlvlt3».0Ard #2 



SoattljMt thi only basis for finding the probability of an out- 
coBB ia through axparlaintatlon. This is an oxsnple of anpirical 
Drob^bili,tY « 




Drop a thumb tack from a height of 5 cm. above' the center-most 
triangle. The thumb tack ^ilta tf it stops completely vdthin 
one of the small triangles. The probability of -a hit on (Jne trial 
is the ratio of the number of hits to the number of trials, after 
a sufficient number of trials: P (hit) - number of hits 

*' number of trials 

Complete Student Worksheet #2. 



^2 



\ 
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^ irobfibUlty 



3tud«nt Wdrksheet- #2 



ftcp«rliMnt II 



Drop the thunbtack 40 tlWa and record the results In the table. 



let 10 trials 2nd 10 trials 3M 10 trials 4th 10 trials Total 



hits 
misses 



Total trials 



2. What Is the empirical probability of a hit? 



3. Try it 40 times with yotir eyes closed. What is the empirical 
probability of a hit? 



4. Complete 1 and 3 from a height of 10 cm. What does this do to 
, the probability? , 



ERIC 
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Stttdtnt Vorltah««t #3 



lxp«riMiit IXI 



Spin a **]>«nolX top" 50 tlMs. Um 1h« tally apMa/io tally 
•Mh outooM and ooaplata tha tabla. / 

Quiulativa | Sum j&i 
Tally Soora Talliaa 



Out^oaa 



J'lpaotioiial Part 
of Total Tirlala " 



Total 



Old tha outcoM turn out aa you axpaotad? If you took the olass 
avarai^ for aaeh outooMO* what would you txpaot? 



Now apln both t^pa, Raoord than aa a nukbar pair. Alwaya recotd 
tha anoirolad nunaral firat. Datarmina t^a nuabar paira* aum. 
Bxaaplai 





Thia ia z^ordad aa (3* l)» the 
auK ia 4« 



Now ooaplata thia tabla* 



TrlAl No, 


Nuabar Pair 


Sua 


1 






2 






3 






k 












6 






7 






8 










* 


10 
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Activity Card if 3 



"Splnninf-but" Qitoooea 

In this experiwont, you will build two "pencil tops" and spin them. 
The outconnB is the numeral that l^ands down. 



(D 



4 



ft 

ST 







ProUbUlty 



Student Workih««t (It) 
* (<J(Jnt»(j) 



4 - 



4. P^om tha 10 triple, what appears as the most likely rium? least 
likely sun? " ^ . ^ ' 



5. Prom the 10 trials, determine the empirical probability for 
of the following suim.> 



each 



\ P(2) - 

c. P(3) - 

d. P(4) - 

e. P(5) - 




f. P(6) - 

g. P(7) - 

h. P(8) . 

i. P(9) - 






AcUvlty OuiiM^' 



C«tohlnf HHMt«rt Is M»rf 1h« Luek! 



^Th* hiimster cage doore hav* b««n lost. Th« hanfltars vdll all escape 
through tha tunnala. Tbu hav» four oafti to pltca at four dlffsrant 
tunnal opanljnfs. KLaoa than ^ra you think you will oat oh the most 
hMistars. Indloata whara tha trapa ara placad by recording tha letters 
(on SW #4) ^ch mark thaaa opaninga. ladh hamtar haa a nuoibar on his 
back for exparliaantal purpoaaa. 




i 



(?) 



(?) 



B (?) 



(?) 



(?) 



H 



E (?) .(?) 



D 



(?) 



I (?) 



(? 



M 



(?) (?) (? 

1 



K (7) N 



/ 



\ 



Cut out 
and' Jam 
a pencil 
through 
the center]^ 
of the 
spinner.^ 



uanj, 



I. 



Turn 
Left 



Probtbllity 



1, 
2, 



Stutont Worksheet J4 

•■ • • . 

I • 

Catching HamfUrt Is Mor« Than Luokl 

Nam tha four opanlnfa whart you plaoad tha trapa. , 2» . 

detamdna tha path of aach hanatar»placa a markar on the student 
activity card at start (a coin adiht ba uaad for a marker). Spin the 
^ndl top" and turn left or right at that (7) 4apending on what the 
spinner indicates. Than advance to «ha next (?). Continue advancing 
in this way until the "sljnulatad hamster" haa escapcui through one of 
the lettered openings. In tha table belo>* show which opening the 
hamster "escaped" through. Repeat this experiment for each of the 
10 hamsters. 

> t 

^amster Number 

123iiS67ftoin 



t 
u 
n 
n 
e 
1 

,0 

P 
e 

n 

1 

n 

g 

5 



A 












































c 












4 










D 






















E 










i 












P 






















<J 






















H 














4 








I 






















J 






















1 






















L 






















M 






















N 






















0 























r 



3 . How many of the escaping hamsters did you recapture? ' Coiq)are your 
results with a friend. ^ 

; 

4* From your results, determine tha eimpirical probability of each of the 
following. ' 



a. 


^ (A) - 


b\ 


P (B) - 


c. 


P (C) - 


d. 


P (D) - 


e. 


P (» - 


f. 


P (F) - 


I. 


P (0) - 


h. 


P (H) - 


1. 


P (I) - 


J. 


P (J) - 


k. 


P (K) - 


1. 


r (L) - 


m. 


P (M) - 


n. 


P (N) - 




P (0) 
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Probability v Student Worksheet itU 

^ ■ (Cont'd) 

(Optional) 

5. Uoe mathematical probability to work problem 5. Unlike empiric^lr prob- 
ability, mathematical probability is not determined by ©xperiiwntation. 
/ Assume at each (?) that 1/2 of the remaining hamsters go each direction. 
To determine the mathematical probability of the hamsters escaping 
through opening A, we would aasums X/2 of the hamsters go toward A. 
Then, we would assume that 1/2 of this l/2 would turn out at A. Thus, 
1/2 of 1/2 or 1/4 go out opening A. 

Using this type of reasoning, determine the mathematical probability for 
each of the following: 



a. 


P(A) 


b. 


P(B) = 


c. 


P(C) = 


d. 


P(D) = 


e. 


P(E) - 


f .' 


P(F) ^ 


g- 


P(G) = 


h. 


P(H) = 


i.* 


P(I) 


J. 


P(J) = 


k. 


P(K) = 


1. 


P(L) - 


m. 


P(M) - 


n. 


P(N) - 


6. 


P(0) = 







6. If you worked problem 5 correctly, then the sum of the probabilities 
in 5 will equal 1. Check by adding. Show your work. 
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Probtblllty " Activity Card #5 

Chance and Certainty 

People often say that a certain event will or will not take place: 
"It won't enow tomorrow" | "the bua la likely to be late"| "I doubt 
. If It la the bank's ralitake»*| and ao on. Probability la often 
viewed from two different approaches, 

(1) The Bo-called claaaical p robability, and 

(2) The atatiatical or empirical probability. 

When a coin la toaaed , we feel it can land In only one of two ways - 
either heada or taila. Thia intuitive idea la expreaaed mathemati- 
cally by aaylng that the chance of obtaining a "head" Ip one out of 
two or 1/2. The chanoe of obtaining a tail la equally likely^ aXgo, 
one out of two, or l/C. Thia example illuetratea a almple but fund- 
ament al rule of probability I namely, that of aeveral equally likely 
evonta, the probability that a given event will happen la the ratio 
of the number of favorable poaaibilitiea to the total number of 
possibllltlea. 

Expreaaed using aymbola, we aay that probabilitv (p) of an event 
happening is equal to the poaalble aucceaaea (S) divided by the 
total number of triala (T). 

T 

When an event is certain to happen, S « T and P • 1. When it la 
certain not to happen, 0 and P - 0. Refer to this activity card 
when completing Student Worksheet fj'S. 



5 



30 ■ . ' , 

® '73 U Of DML 



ftobtblllty Student Worksheet #5 

Chinee md Q^rt>intT 

1. What ia the probebUlty of rolling 3 on one toes of • die? 
( n a w i w ber, ■ die hat tlx faces nerked f^in L-6. ) 

T 

How manor ^'s would you expect if you rolled the die 12 tlmee? 
Try it« What happened? \ 



2. If three coins are tossed randooOy at one tiiBe,*what is the 
chance thert will be 2 heads and 1 tall? The table shows you 
all possibls outcomes. 



Make eight throws, tossing three 
coins each time. How many times were 
2 heads and 1 tail tossed? What ie 
the eaipirical probability for this 
experiment? 

How does the env>irical probability 
coopare with the classical prob- 
ability? 



1st 


2nd 


3rd. 


Coin 


Coin 


Coin 


H 


H 


H 


H 


H 


T 


H 


T 




H 






T 


H 




t 


It " 


'~r~ 


T 


T 


H 


T 


T 


T 



3. If 2 dice are tossed, what is the probability that a total of 
7 will turn up? lou may need to complete the table before you 
can determine your .answer. 

First Sie 



S 
e 

c 

0 

n 
d 

D 
i 
e 



+ 


1 


2 


?^ 


4 




6. 


1 














2 










7 




3 














k 






/ 








5 








-J- 






6 















U. Two coins are tossed. What is the probability that at least 
one tall will tuxTi up? (Befer to the Table in Protaem 2). 
Kintt 2 coins can coims up in 4 possible wsys, HH, HT, TH, TT. 



^* ?£ ? •?? ^« the probability 

that All 5 Mill fall hsadsT ^ ^ 



Probabilityt Optional Activity Card #6 

Probability of Indapendent Byonta 

/If two events are of euch a nature that the happening or failing 
of one of them has no influence upon the happening or failing of 
the other, they are called independent events. The probability 
that two independertt events'T^Cll occur elniultaneouely or in euc- 
ceesion ie called a compound probability. The compound probability 
of two Independent events equilff^the product of the two events taken 
singly. 

Thus, for n Independent 'events whose respective probabilitiea 

•••» ^n* c9mpound probability (P) that all the 
events will siimiltaneously (or in succession) happen, is given 
P«P»P.P'. P 

Example x What is the probability of obtaining a A on the first 
throw of a die, followed by a 6-,on the second throw? The prob- 
ability of the 'first event is l/6; that of the second event is also 
1/6. Hence the probability of both happening is l/6 x l/6 . I/36. 
Refer to this activity card when c6mpleting Student Worksheet #6. i 
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student Worksheet #6 



Probtblllty of Independent Byenta 

Three chlpe^ each marked with en H on one elde end t T on 
the other elde, w«re toeeed at the eame time. What is the 
probal^Ulty that all three cane up with the T ehowlng? 
You mty wleh to make a table fhowing all poeelble outcomee. 



If on a multiple choice test each question has four choices, 
what Is the probability that a student will answer the first 
five questions correctly If a(he) simply guesses at each 

question? (The ansjior Is . ) Show the work involved in 

deterMnlng this answer. 



What is the chance of throwing 2 tails In a single throw of 
2 coins? in two successive throws of 1 coin? 



What is the probabi:yity of drawing a kUig and then a queen 
from a deck of 52 cards containing 4 k£h^ and 4 queens? (Thi£^. 
is a dependent event.) 

''king-li*™' Veen " if • • . 
So, the probability of both events is " 



What Is the probability of drawing 4 queens ^in 4 draws from 
a deck of 52 cards. The queens are Vj^t replaced after each 
draw. (Another dependent event.) 



r ■ 
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Probability i Optional 



Activity Card #7 



Frobftbility of Mutually Ixeluaiva 9vanta 



It somatimaa happenB that when one .event hae occurred, the poaaiblllty 
of another event is excluded during that trial. 'Such events are known as 
"W^Mf JiY **Ml^gm «v«nte. For example, flipping a coin cm yield a 
"heada" or a "talle" but not both for the earns toe*. It can be proved that 
if the separate probabilitiee of two muttially exclusive events are 

and P^, then the probability that one of thtee events vdll happen when 
either could happen is P^ + P^. 



Examples: 

1. What is the chance of throwing either a 2 or a 3 in a single 
throw of a die. 

P = 1/6 ■♦- 1/6 » 2/6 - 1/3 

2. What is the probability of drawing either a queen, a king or 
an ace froih a deck of 52 cardhs? 

1/52 + 1/52 + l/5;2 - 3/52 ; 

3* What i's the chance of tosaing a head'ffr a tail on one toss of 
a coin? 

1/2 + 1/2 - 2/2 - 1 



1. 



\ 
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>rob*l>lllty , Student Workaheat # 7 

/ * Probability of Mutually Exclusive Kvants 

1. What l8 tha probability of drawir* either an ace or a kimr 
from a deck of 52 cards? 

2. What ifl the chance of throwing an even number or a 3 on one 
throw of a die? 

3. What is the probability of either a 1, 2 or a 6 in a single 
throw of a die? T" 

4. If two dice are thrown, what is the chance that both will turn 
up 6? 



5, . F^m a shelf containing 6 mathematics books and 5 science 

bo»k8, 3 books are chosen at random. What is the pi'obability that 
that the three books chosen are either all mathematics books or 
all science books? ^ 



\ 
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iPirabablXlty 



Find A Way To Show Iteaulta Prom Tossing Number Cubes 
Matorlala nesd^ ^t 
2 wood or styrofoam cubes 

M*ke a pair of dice. 

a. How many poasible sums are there when the two dice are "rolled"? 

b. Make an addition table to show all pospible sums. 

c. What sum is most likely? least likely? 



Answers 2. 

a. Eleven different sums are possible (2 - 12) 

^* 1 2 3 5 -^6 c. 2 since 6^6 or 1/6 of the sums 

1234567 ^® \^ 

23j|^5^yg 2 and 12 - in both cases the 

the>robability is I/36 

3456789 

4 5 6 7 8 9 10 

5 6 7 8 9 10 11 

6 7 8 9 10 11 12 • 



Probability 




Birthdays Have Many Surprises 



Have each student secretly write the month and day of their birth- 
day on a piece of paper. Before you check the birthdays, determine 
what the chances are that two students have written the samB ,(jiate. 

Probability ^ 2 

Answer 

» 

If there are 23 students, it is more likely than not that a duplication 
will occur. 



Probability 



3 



' Flipplnf Tetrahedrons 

Nhterial^ Needed: 

Conitruotlon pa()or, scissors and glue or ,tape. 

Make three (3) tetrahedrons from the pattern 
having its faces numbered with a different 
sequence. The sequences are (1, 1, 1, 2), 
(1, 1, 2, 2) and (1, 2, 2, 2). Using each 
tetrahedron separately, find the sum of the 
faces ahovdng when thrown. Figure our for 
each tetrahedron what the probability is 
for all possible sums. 



(Optional) 




Answers 



For the (1, 1, 1, 2) tetrahedron, one-fourth of the time tf!e>Bum wfll be 3' 
and three-fourths of the time the sum will be 4. \ 

For the (1,1, 2, 2) tetrahedron, one half of the tlji» the sum vJlI 
and one-half of the time the sum will be 5. 

For the (1, 2, 2, 2) tetrahedron, three-fourths of the time the sum will be 
5 and one-fourth of the time the sum will be 6. * 



Lll be U 



Probability 

Materials Needed: 
Newspaper or Magazine 



What Letter Is Used Most Often 



Pick out at random a paragraph from a newspaper or magazine. Determine 
how often each letter of the alphabet is used. Use this information 
to determine what letter is used n»st often. 



Answer 



Compare your results with others in the class. E is usually the most- 
often occurring letter. 



Probability 



■I 



Shooting Free Throws 



Shoot 25 fre«-throws keeping track of how many you make. Now predict 
how many you would expect to make if you ahot 100. Try it and see 
what happens. 



Answers 

( Answe r 3 will . vary . ) ^ 

Kxample, if they made 12 out of 25, they would expect to make U& out of y 
100! Point out that it would be unlikely they would make exactly the 
number predicted. 



\a»robability 



What's Wrong Here? 

Tell why incorrect conclusions are often drawn from information: 

One-third of the children in the world are Chinese. Therefore, you 
or the person in front or behind you is Chinese. 

Heads come up five times, so tails will be next for sure. 

Homerun Lyle hasn't had a hit in h times at bat. He's sure to 
get a hit today. 



Answer t 

\ 

Probability indicates the likelihood of an event. . It does not 
indicate certainty. The solution must be a member of the sartiple 
space . 




1,. 
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PoBtteat - Probability 
Describe the following as likely or not likely. 

a. A lion cub grows up to be a tiger, 

b. You know how to spell your own name. 

c. A coin, when flipped, will stop standing on its edge. 




When the spinner is spun, it comos to rest on on© 
of the "numbers'*., find the probability that the 
spinner lands on: 



a. 3 

b. A 

c. 3 or A 

d. an even number. 

Complete Vhe table, showing all possibilities when three coins are 
flipped. |(H means heads, T means tails.) 



Ist 
Coin 


2nd 
Coin 


3rd 
Coin 


H 


H 


H 


H 


H 




H 


T 


1- 


H 


T 




T 






T 






T 






T 







Joe»3 pets are a horse, a canary, and a dog. Connie's pets are a 
parrot, a Canadian goose, and a lamb. Each day Connie and Joo bring 
one pet to work. F'ind the probability that both peta will; , - 

.a. have only two legs. * ' - 

b. have wings. . « 

c. eat bird food. 

Assuming that a bowl contains severt yellow, five red, and eighth green 
chips, what is the probability that: 

a. a reci^ip is drawn on the first draw? 

b, the first chip drawn will be a red or green chiu? 

If you have three nickels , two dimes , and one ^quarter in your pocket , 
what is the probability thatj" 

a* the first coin you pull out is a nickel? 

b, a dime will be drawn first? 

c. if you remove exactly two of the coins, their value will be 3O0? 
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